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Outline

• What is fnl? 
• What have we done with LSS and fnl? 
• What would BigBOSS do for fnl?

—Galaxy and QSO powerspectrum
—Galaxy and QSO bispectrum
—Lyman alpha forest

• Lya flux spectra with different non-gaussianities
• How about with redshift space distortions?

• Other cool things to do with Lya forest: 
—Lya BAO
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Φ = φ + fNLφ2
parameterize how much non-linear corrections are there to the potential

What is fnl?
—Non-gaussianities in Early Universe

Inflation

reheating

Primordial potential (assumed to be gaussian random field)
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On the CMB side: 
                    what do Primordial Non-Gaussianities do?

Planck collaboration



fNL = 5

On the Galaxy side: 
What do primordial non-gaussianities do?
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fNL = 5

On the Galaxy side: 
What do primordial non-gaussianities do?

P(k) (Mpc/h)^3 

k (h/Mpc) Courtesy slide from Anze Slosar

Scale dependent bias of powerspectrum!



curvaton
models,
DBI inflation

canonical
inflation

Slosar  et al. 2008

ghost
inflation

Best current CMB measurement

What have we done with LSS and fnl?

fNLfNL



What would BigBOSS do for fnl?

• Highly improved constraints from the 
following:
—Galaxies powerspectrum, bispectrum
—Quasars powerspecturm, bispectrum
—Lyman-alpha forest powerspectrum, bispectrum
—Integrated Sachs Wolfe Effect (with CMB)
—...



BigBOSS and fnl: 
Powerspectrum

 Redshift Bias

BOSS-LRG 0.3-1 2 18

BigBOSS-
LRG

0.3-0.7 2 7

BigBOSS-
Emission Line 

Galaxies

0.7-2 1.5 5

BigBOSS-
QSOs

1-2 1.5 5

BigBOSS-
QSOs

2-3.3 2 3

δ(fNL)

Carbone et al (2009) , Courtesy code from Anze Slosar



BigBOSS and fnl: 
Powerspectrum

Afshordi et al. 2008



BigBOSS and fnl: 
Galaxy and QSO bispectrum?

 Redshift Bias

BOSS-LRG 0.3-1 2 ~3

BigBOSS-
LRG

0.3-0.7 2 ~1 (0.92)

BigBOSS-
Emission Line 

Galaxies

0.7-2 1.5 ~1 (0.5)

BigBOSS-
QSOs

1-2 1.5 ~1 

BigBOSS-
QSOs

2-3.3 2 ~3 (changed due to 
number density change) 

δ(fNL)

Courtesy from Donghui Jeong and Eiichiro Komatsu 

Unmarginalized Error



How about Lyman Alpha Forest?
Time

Redshift

z~0

z~6

z~1100



Lyman Alpha Forest: what is it?
Time

Redshift

z~0

z~6

z~1100

Courtesy simulation of gas from
Renyue Cen and Jerry Ostriker



Lyman Alpha Forest: what is it?
Time

Redshift

z~0

z~6

z~1100

Courtesy image from Joanne Cohn’s website



Lyman Alpha Forest: what is it?
Time

Redshift

z~0

z~6

z~1100

λ(Å)

Flux Locates the Neutral Hydrogen, thus 
overdensities of the Universe.



Lyman Alpha Forest: what can it do?



Lyman Alpha Forest: what can it do?

Ωm = 0.25,ΩΛ = 0.75, h = 0.75, n = 0.97, σ8 = 0.8
10243particles, Lbox = 1.6Gpc/h



Lyman Alpha Forest: what can it do?

Ωm = 0.25,ΩΛ = 0.75, h = 0.75, n = 0.97, σ8 = 0.8

Fluctuating Gunn Peterson approximation

τ = A(1 + δ)β

F = e−τ

10243particles, Lbox = 1.6Gpc/h



Lyman Alpha Forest: what can it do?

• Primordial Non-gaussianities via Lyman alpha forest

Skewers of Neutral Hydrogen



Lyman Alpha Forest: what can it do?

Skewers of Neutral Hydrogen

Take the 3D power-spectrum of these skewers!



P(k) (Mpc/h)^3 

k (h/Mpc) Courtesy slide from Anze Slosar



PfNL

PfNL=0
− 1

What can we do with Lya and fnl?
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fnl = -100
fnl = +100

fnl = -100

fnl = +100

Ho, Slosar, Seljak & Desjacques (in prep) 



PfNL

PfNL=0
− 1

What can we do with Lya and fnl?

fnl = -100 (z-space)

fnl = +100 (z-space)

Ho, Slosar, Seljak & Desjacques (in prep) 

With z-space distortions!



curvaton
models,
DBI inflation

canonical
inflation

ghost
inflation

BOSS LRG only constraints

Ho, Slosar, Seljak & Desjacques (in prep)

BigBOSS Ly-alpha forest constraints

Planck forecasted constraints

What can we do with Lya and fnl?
—Non-gaussianities in Early Universe

Best current CMB measurementfNL

∆(fNL) ∼ 5

∆(fNL) ∼ 1

∆(fNL) = 18



Other cool things you can do with Lya forest: 
Lyman Alpha Forest BAO

•  Dark Energy via Baryon Acoustic Oscillations

—the correlation function:

ξf (r) =< δf (x̂)δf (x̂ + r̂) >



•  Dark Energy via Baryon Acoustic Oscillations

—take the correlation function:

ξf (r) =< δf (x̂)δf (x̂ + r̂) >

Flux Real (Redshift) Space Correlation function

What acoustic peak would look like if we use Lya forest flux!r2ξ(r)

Slosar, Ho, White & Louis (2009)r (h/Mpc)

Other cool things you can do with Lya forest: 
Lyman Alpha Forest BAO



Lyman alpha forest BAO: 
S/N estimates

White et al. (in prep) 

r2ξ(r)

r (h/Mpc)



Conclusion

• What would BigBOSS do for fnl?
—Galaxy and QSO powerspectrum
—Galaxy and QSO bispectrum
—Lyman alpha forest

• Lya flux powerspectra with different non-gaussianities
• How about with redshift space distortions?

• Other cool things you can do with Lya forest:
—Lya forest BAO


